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Did you know . ..

.. . thatDrought Network Newss also available online at

http://enso.unl.edu/ndme/center/publish.htm

as a .pdffile. It's presented in the same format that you see here. Mailing costs for distributing the
newsletter are substantial, and they continue to increase as our mailing list grows, so we wouﬂ like
to encourage you to acc&pbught Network News its electronic format. If you're willing to forgo
your paper copy of the newsletter, please let Kim Klemsz (kklemsz2@unl.edu) know, and shejwill
send you e-mail notification when new issues are available. Thank you!!

From the Director

| hope that those of our readers with Internet access will consider receiving future issues of
Drought Network Newsnline. We realize that some of you do not have access to the Internet, so
we will continue to publish hard copies of the newsletter. If you are willing to receive the newsletter
electronically, please contact Kim Klemsz as soon as possible. Our plan is to notify readers via e-
mail when each new issueldfought Network Newis available. Back issues of the newsletter are
also available online.

Thisis ajointwinter/spring issuelfought Network Newst.contains considerable discussion
about droughtindices and a description of a new product, the Drought Monitor, that is available on

.
Published in cooperation with the World Climate Program of the WMO



the World Wide Web. This new productis the result As some of you know, for the past two years |
of a partnership formed in spring 1999 between thieave been involved in the preparation of a book on
Joint Agricultural Weather Facility of the U.S. De-drought. This bookDroughts: A Global Assessment
partment of Agriculture, the Climate Prediction Cenwas published in two volumes in December 1999 by
ter of the National Oceanic and Atmospheric AdminRoutledge as part of a series on natural hazards and
istration, and the National Drought Mitigation Centerdisasters. Routledge will eventually publish seven
at the University of Nebraska. The Drought Monitorbooks as part of this series. Another volu8teyms
integrates climate information and information from as also available, and a volume on floods should be
variety ofindices to determine drought severity acrosavailable very soon. A more detailed description of
the United States. This productis updated weekly aridkroughtsis provided on page 21 of this issue.
has beenwellreceived by technical specialists, policy Readers are encouraged to submit articles, an-
makers, the media, and commercial groups. | encouneuncements of workshops and conferences, and
age readers to visit the Drought Monitor websitetherinformation of interest to our network members
(http://enso.unl.edu/monitor/) to learn more abouto Drought Network Newd he deadline for sub-
this activity and to consider how this approach mighmission for the next issue is May 25, 2000
be modeled for other countries or regions.

Donald A. Wilhite
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Characteristics of Drought in Kerala, India

Kerala state in India, which is the first area of thdMarch—May), southwest monsoon season (May—
country to experience the southwest monsoon, hasseptember), and northeast monsoon season (Octo-
moist and wet climate. Kerala is in the extremder—February).
southwestern part of the Indian subcontinent; it bor- The annual rainfall of the state varies from 3,800
ders Karnataka state in the north, Tamil Nadu in theam over the north to 1,800 mm in the extreme south.
east, and the Arabian Sea in the west (Figure 1). THéne potential rainy season for Kerala is the southwest
entire state is one of the 35 meteorological subdivimonsoon period, which contributes more than 80%
sions in India. of the annual rainfall. The monsoon rain decreases

Kerala’'s climate is tropical monsoon and tropicafrom the north to the south. Inrecent years, a trend of
savanna, according to Koppen'’s climatic classificadecreasing rainfall has been seen both in seasonal
tion (Figure 1). The state normally experiences excegainfall and 10-day extreme rainfall duration.
sive seasonal rainfall, with hot summers (exceptinthe There is significant rainfall variation in north and
extreme southern districts like Trivandrum, wheresouth Kerala. North and south Kerala have two
dry season and hot summer climate prevails). Thainfall distribution subzones. In north Kerala, north-
three main seasons of the state are the hot seagast monsoon rainfall shows a decreasing trend and
contributes about 15% of the annual rainfall. This

KERALA may adversely affect cultivation of the second rice
100 80 60 40 20 0 100 crop in the area. Southwest monsoon rain, which

contributes 82% of the area’s total rainfall, does not
show any increasing trend. Similarly, in south Kerala,
southwest and northeast monsoon rains have de-
creased by 5% and 8.3%, respectively. Mean annual
rainfall is also decreasing in south Kerala.

The decreasing rainfall over the region, late onset
of the monsoon, failure of the monsoon, and break in
the monsoon in the state lead to many drought situa-
tions. Kerala had severe dry spells and droughts in
1983, 1985, 1986, and 1987, even though the state
has a wet climate. There were dry spells of 5 and 4
weeks in 1985 and 1986, respectively, during the
southwest monsoon period.

Damage due to drought was particularly signifi-
cant in Kerala in 1987. About 1,500 villages in 14
districts were affected, and 9.82 lakiectares of

_ cropland and 6 lakh cattle were also affected. During
Somsonalyary TN January—May 1987, the entire Kerala region was

ot summer RS affected by drought. About 30% of the rabi season

Indian Ocean

Lakshadweep Sea

Tropical monsoon:
Seasonally excessive
rainfall, hot summer

t1 lakh = 100,000
Figure 1. Climatic classification of Kerala.
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paddy crop was lost, and cash crops like coconuts,
arcanuts, cashews, and bananas were damaged, Fstricts 1983 1984 1985 1986 1987
sulting in a loss of Rs. 1,000 crores.

. o . Alleppey 21 -17 -5 -26 -17
Kerala also experienced a significant drought incaznnanore 5 2 1 15 .35
1983. About 323,000 hectares of paddy were lost, aErnakulam 16 9 1 19 -24
an estimated cost of Rs. 106.86 crores. Other majoldukki -20 -3 1 1 -45
cash crops affected were coconuts, rubber, coffeg<@sargode NA -3 14 8 -3
and tea. In Ernakulam district of Kerala, 36,000 Egtztﬁ(ﬁrg fg 1? 1;’ 1lf _'j??
hectares of paddy were lost; in Tiruchur, 33,000\j1apuram 12 19 7 18  -50
hectares were lost. Coconut losses of Rs. 14 croresalghat 17 4 2 -8 -48
and Rs. 11 crores were reported in Kozikode andPattinamathi. NA -24 -21 -35 -50
Trivandrum districts and Kottayam district, respec- %‘i‘é'm 22 '1;3 55 2251 223
tively. In 1989, drought resultedin the loss of 60?/9 of T ivandrum 22 57 29 a4 37
the cropped area in Kerala, and about 3 millionyyayanad 16 9 18 31 -8
kilograms of tea, worth one crores rupees, withered
under stress and drought. Table 1. Percentage departure of rainfall from normal for

Figure 2 shows the departure of seasonal rainfallstricts of Kerala.

from normal for different years (1981-87) in the

region. Summer rains were deficient (-80%)in 1983. The low pressure waves from the east (the Gulf of
The southwest monsoon was about 40% of normdlhailand), which move across the South Bay of
during 1989 in the state. Similarly, the northeasBengal toward Tamil Nadu, may temporarily in-
monsoon was highly deficientin 1986. Large rainfalcrease rainfall over Kerala. Also, an upper tropo-
deficiencies in the various districts of the state arspheric easterly jet stream with an axis of 12°N is
shown in Table 1. Figures 3a—3c reveal large watdrelieved to influence the rainfall over the state. How-
deficits in almost all of the representative stationsver, a detailed study is needed to determine this.
during December to April. The seasonal dry period During weak monsoons and droughts in Kerala,
and water deficits led to severe dry spells and droughtse orographic contribution is almost nil, but this is not
attributed to a weaker westerly component during the

40 dry spell. The Nepha (or cloud) analysis from satellite

..... Summer Rain pictures over Kerala also gives good information

20 - about drought. During 1966, a year of weak mon-
K — S\Wionsoon soons and drought, satellite pictures showed a zone of

— = NE Monsoon cloudiness shifting far into southern India. During
droughtsituations over the state, there is no high-level
moving system of waves in the upper tropospheric
easterlies.

During the drought of 1966, high-level wave

Departure from Normal (%)

-40 s § flows were more or less straight easterly flows with
o REETPU less speed variation than in a good strong monsoon
-60 season. Cloud analysis during active and strong mon-
soons suchas occurred in 1967 shows atleast 7 oktas
-80 of cloudiness on any given day over the state, extend-

1981 1982 1983 1984 1985 1986 1987

ing from the interior of the southern peninsula across

Figure 2. Precipitation departure from normal for Kerala,
1981-87.
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Figure 3a. Seasonal water deficit,

Alleppey, Kerala.
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Figure 3b. Seasonal water deficit, Palghat, Kerala.
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Figure 3c. Seasonal water deficit,
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Calicut, Kerala.

Kerala southward and westward (1,200 km from the
Kerala coast of the Arabian Sea). There is also a
secondary maxima of 7 oktas of cloudiness south of
the equator. This type of situation did not exist during
the 1966 drought over the state. Thus cloud analysis
and orographic rainfall patterns may give a good
indication of the drought situation in a wet state like
Kerala.

K. K. Nathan
Water Technology Centre

Indian Agricultural Research Institute
New Delhi 110 012

India



Using the SPI to Identify Drought

This article was written in response to the recerdrought classes suggested by McKee et al. (1995),
analysis of drought in Turkey by Komuscu (1999)reproduced here in Table 1.
The study showed the relationship between drought The SPIis of course the same as the Standardized
duration, drought frequency, and drought time scalRainfall Anomaly, defined by Jones and Hulme
using the Standardized Precipitation Index (SPI): (1996) and widely used in the analysis of desiccation
indrylands. Figure 1 shows a typical example of such
SPI = (X, -Yi) use, depicting the widely reported downward trend in
5 Sahelian rainfalls (only continental Sahelian stations
! are employed after the suggestions of Baetal. [1995],
Janicotetal.[1998], and Nicholson and Palao [1993]
that other parts of West Africa belong to a different
6 = standardized deviation for the ith station climate regime). Komuscu'’s assertion that the SPI is
P L . . underused for drought assessment appears to be
X. =precipitation for the ith station and kth observa- ) o . .
ti(l)kn correct, in that it is the persistence of the negative
- L . : anomalies that receives most attention rather than an
X. =mean precipitation for the ith station o . . )
i examination of their intensity or impact (for example,
ir%ee Hulme, 1992). Thatis, rainfallanomalies are used

where

The index has the advantages of being eas investigate desiccation rather than drought (see

cal_culgted, having modest dat_a requwements_, a gnew, 1995, for further discussion). The purpose of
being independent of the magnitude of mean ralnfatl ;

and hence comparable over arange of climatic Zones,

SPI for drought classes and to suggest alternative,
It does, however, assume the data are normally dis- . . .
. . . o more rational thresholds. The effect of using different
tributed, and this can introduce complications fo

[ . : . )
. : . roughtcl isinvestigat ing annual rainfall
shorter time periods. Komuscu claims thatthe SPI h:%\jrsoomugtheC g;fl:asn re(;isor?i)?(\j/\yesst ?A?ric;aanazj tr?es

not been widely applied or tested and employs the

SPI Probability Komuscu (1999) and Proposed new
of occurrence McKee et al. (1995) drought classes
drought classes

Less than -2.00 0.023 Extreme drought

Less than -1.65 0.050 Extreme drought
Less than -1.50 0.067 Severe drought

Less than -1.28 0.100 Severe drought
Less than -1.00 0.159 Moderate drought

Less than -0.84 0.201 Moderate drought
Less than -0.50 0.309 Nodrought
Less than 0.00 0.500 Mild drought No drought

Table 1. Probabilities for different standardized rainfall anomalies.

6 Vol. 12, No. 1, Winter 1999-Spring 2000



Standardized Rainfall Anomaly

-2

1930 1940 1950 1960 1970 1980 1990

Figure 1. Standardized annual precipitation anomalies for the continental Sahel (Burkina Faso, Mali, and Niger), using the
1961-90 base period.

problem of changing the base averaging periods @us definitions of hydrological, agricultural, ecologi-
presented. cal, and economic drought that demonstrate this.
Many, however, agree with Palmer (1965) and Beran
and Rodier (1985) that drought is essentially a meteo-
What is Meteorological Drought? rological phenomenon. The analysis below adopts
this perspective—that examining the occurrence of
This question has been addressed time and agameteorological drought is the most fundamental re-
(Agnew and Anderson, 1992; Wilhite, 1993), and iguirement of any investigation.
has often been stated that no universal definition of The second premise of this accountis that drought
drought exists. There is little to be gained by reprois an abnormal occurrence. This is an equally impor-
ducing along list of conflicting definitions that merely tant point and it is the reason why it is suggested that
illustrate the diverse interests of those who investigateable 1 should not be used without modification for
drought. Most definitions anyway can be resolvedirought analysis. In McKee'’s classification (McKee
into a generic statement that drought is caused by anhal., 1995), all negative indexes (SPI) are taken to
imbalance between water supply and demand. Hent®licate the occurrence of drought; this means for
drought can be defined in terms of both supplyp0% of the time, droughtis occurring. This is clearly
reduction and demand increase, and there are numeonsense! It also raises the notion of “persistent

Drought Network News 7



drought,” which confuses drought with desiccationNew SPI Intensity Classes
Based on Warren and Khogali (1992), drought
can be distinguished from desiccation as follows: The occurrence of drought has been widely re-
ported for southern England in the 1990s, giving rise
* Drought occurs when moisture supply is abnorto concerns aboutlow flows in the rivers of the region
mally below average for periods of up to 2 years(Marsh et al., 1994; Acreman and Adams, 1998):
* Desiccation is a period of aridization brought
about by climate change lasting decades. Thus The EnvironmentAgency reported today that ground-
droughtrequires short-term relief, whereas desic- water levels are so low in South East England that the

. . environment and water supplies will be at risk next
cation requires longer-term measures such as year if the weather remains drier than average this

resettlement and land use change. winter.(Env. Agency Press Release 04/11/1997:113/

97
When desiccation takes place, one can expect an :
increase in drought frequency, but a definition of  Approaches to the definition of low flows can be
drought that assumes any precipitation below thgivided into those that examine flow statistics, those
mean constitutes a drought will lead to exaggeratefiat model hydrological processes, and those that
claims for climate change. Better that drought ig@mploy biological/habitat conditions. Procedures for
defined as an abnormal event and that a significanjw flow estimation in gauged and ungauged
change in climate is required for drought to becomegatchments have been produced for the United King-
persistent. dom by the Institute of Hydrology (Gustard et al.,

1.4

ot 4

o

0.4

Cumecs

0.2

1975 1980 1985 1990 1995 2000

—o— Gade & Bulb.=—=Gade Q95 ——Bulb. Q95

Figure 2. Daily flows for the Bulbourne and Gade rivers in Hertfordshire, with low flow thresholds Q95 plotted.
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Figure 3. Drought classes (McKee etal., 1995, and author) for annual rainfalls in the continental Sahel region between 1931

and 1990, based on the 1961-90 averaging period.

1992). Claussen (1995) summarized the statisticdiemarcate abnormal deficits (curiously, annual rain-
approaches for low flow determination in gaugedalls have been increasing in this region during the

catchments:

20" century, but the winter to summer rainfall ratio
has alsoincreased, as low rainfalls in summer are now

e 7-day minimum (annual and 10-year minimum)more frequent). It is suggested that climatologists

e 1-day minimum (median annual)
*  90% and 95% percentile exceedance

should learn from their hydrologist colleagues and
employ athreshold similar to Q95 for defining meteo-

* Base flow index (ratio of baseflow to total flow) rological drought.

The SPI drought thresholds recommended here

The Q95(1) (the 95 percentile from the 1-daytherefore correspondto 5%, 10%, and 20% probabili-
flow duration curve) is commonly used and is calcuties. Hence droughtis only expected 2 yearsin 10 and
lated here for two drought-pronerivers, the Gade arektreme drought only 1 yearin 20. This, itis believed,
the Bulbourne, which flow in catchments some 4@s a more realistic drought frequency than that used by
km north of London. The Environment AgencyKomuscu, and it corresponds to the employment of

(1997, p. 54) described conditions in this region:

The cause of low flows in rivers is attributable to a
combination of factors, which include lack of rainfall
... seasonal fluctuations in the chalk water table, and
water abstraction . .. Over the period October 1996 to
September 1997, rainfall and groundwater recharge
inthe East Chilterns [were] 88% and 51% of the long-
term average respectively.

the termabnormal occurrenceas used in other
branches of environmental science.

The impacts of changing the drought class bound-
aries are exemplified in Figure 3, based on the data
used to draw Figure 1. Itis evident that little change
is made for extreme drought conditions, but the most
important effect is to reduce the incidence of mild
meteorological droughts. It may seem curious that
there are alarge number of no-drought years (68% or

Figure 2 shows the 1990s increase in low flows i86% for McKee et al. [1995] or the author’s classes,
these rivers and the use of the Q95 threshold tespectively) giventhe widespread reports of drought

Drought Network News



Drought McKee et al. 1961-90 1931-60 Agnew 1961-90 1931-60

class (1995) base period base period base period base period
SPI value McKee McKee SPIl value Agnew Agnew

Extreme <2 0 1 <-1.65 1 3

Severe <15 1 5 <-1.28 0 6

Moderate <-1.0 4 5 <-0.84 7 6

Mild <0 14 30

None >0 41 19 >-0.84 52 45

Total 60 60 60 60

Table 2. The probability of different drought intensity classes based on the SPI, over the period 1931-60 for the continental
Sahel.

in the Sahelian region (e.g., Nicholson and Pala&gahel. Thirty-five stations were used from Burkina
1993, p. 371): “The Sahelian region of West Africa id~aso, Mali, and Niger. Figure 4 shows the standard-
well known for the extreme droughts it experienceszed rainfall anomalies from Figure 1, but with the
The current one has prevailed since the late 1960’sriaximum and minimum anomalies from individual
D’Amato and Lebel (1998, p. 956) note the “pro-stations superimposed. The huge variations, both
longed drought that has struck the Sahel for 25 yeanggative and positive, suggest that care needs to be
now.” exercised when using the SPI as a spatially averaged
Table 2 provides an explanation. The standarthdex and that it would be better to compute the
period for computing climatological averages hasccurrence for each station rather than the approach
recently been changed by the WMO from 1931-60 temployed above of averaging anomalies.
1961-90 (Hulme, 1992). Because the 1940s and
1950s were wetter than normal in the Sahel, using a
base period of 1931 to 1960 to calculate the SRTonclusions
produces a higher average and hence a greater inci-
dence ofdrought. Thusthere are 41 no-droughtyears A new classification for drought intensity has
between 1931 and 1990, using McKee’s classdseen proposed based on the Standardized Precipita-
(McKeeetal., 1995) for the 196190 base period, btion Index (SPI). This uses probability classes rather
this drops to only 19 no-drought years using théhan magnitudes of the SPI for classification and is
1931-60 base period. There is much less changjgerefore suggested as a more rational approach. The
using the author’s suggested drought classes becaestect is most noticeable at the demarcation of mild
shifting the base period largely affects drought classesd moderate droughts. There are, however, signifi-
that are closest to the mean rainfall. Thus the drougbant flaws in this approach. First, it is based on a
classes suggested by McKee are highly sensitive tiesignation of what is abnormal. In drylands it is
the base averaging period. Nevertheless, no matidifficult to calculate precipitation averages with any
which drought classes are used, there is some impaetrtainty and it has been suggested that the use of the
in changing to the new 1961-90 averaging period,961-90 thirty-year averaging period is question-
andinarecentanalysis (Agnew and Chappell, 199@ple.
it was found that more than 40 years of data were The approach alsotakes no accountofimpacts. If
required to compute the mean rainfall in the Sahel th#tte resilience of people or the ecosystem has been
was independent of the base averaging period. diminished, then even a moderate drought can have
A final point concerning the use of the SPI asan impact. Downing (1992) has referred to this as
employed here isthat it was used to compute averafjlnerability,” and this changes between parts of the
conditions across the region known as the continentabmmunity (e.g., children compared to adults) and
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Figure 4. Average standardized precipitation anomalies for the continental Sahel using the 1961-90 base averaging period
and the maximum and minimum anomalies observed at individual stations.

through time. Hence purely statistical definitions ofAcknowledgments

meteorological drought should be treated with cau-

tion. Perhaps of equal significance is the omissioithe annual rainfall totals were generously provided
within the SPI of any assessment of persistence. Ity the Climate Research Unit at the University of East
rare that drought in any one year causes major harélnglia. The river flow data was provided by the
ship. It is the sequence of low rainfalls that createlSnvironment Agency, United Kingdom.

difficulties. For example, in England the drought of

1976 was really caused by the low rainfalls in the C. T. Agnew
preceding year, while the drought of 1992 was the Department of Geography
result of the low rainfalls from 1988. The SPI there- University College London
fore needs to be developed from merely classifying 26 Bedford Way
intensities to include drought sequences, and the London
selection of appropriate averaging periods needs more WC1H OAP
attention. United Kingdom
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Revisiting the SPI: Clarifying the Process

The number of applications using the Standard- N 1998, Guttman wrote an article comparing the
ized Precipitation Index (SPI) around the world conSP! with the PDI that contained a more detailed
tinues to increase (e.g., Agnew, pp. 6-12 of thigxplanation about determining the SPI. Hayes et al.
newsletter, and Komuscu 1999). However, there afd 999) also contains a detailed description of the
relatively few publications explaining the SPI, andProcess. Guttman (1999) went into the specifics
occasional misconceptions about the index have ogboutdifferent probability distributions applied to the
curred. long-term data sets and examined the impact of six

When the SPI was first developed by McKee eglistributions on the SPI. The recommendation from
al. (1993, 1995), it was meant to address some of tigHiitman (1999) is that the Pearson Type 1l distribu-
limitations that exist within the Palmer Drought Indextion is “best” suited to normalize the long-term data
(PDI). These first publications were relatively simpleS€ts when calculating the SPI. Edwards and McKee
introductions of the SPI to the scientific community,(1997) used the two-parameter gamma distribution to
appearing in theroceedingsf the Eighth and Ninth calculate the SPI. Guttman (1999) also recommended
Applied Climatology Conferences, respectively,that the procedure be uniform for everyone so that
sponsored by the American Meteorological Societﬁpplications ofthe SPIwould be consistent. Different
In both cases, the authors define the SPI as t§@ftware versions to determine the SPI are now
“difference of precipitation from the mean...divided@vailable from Colorado State University and the
by the standard deviation.” It is this equation, givehNational Climatic Data Center.
by Komuscu (1999) and repeated by Agnew, that Agnew makes another very good point about
causes confusion about the SPI. identifying appropriate drought categories, and points

Agnew is correct to point out that the «differenceOut that the initial categories identified in the original
of precipitation from the mean divided by the stanMcKee et al. (1993, 1995) articles had a location for
dard deviation” standardizes the data and has be@fY time period in some stage of “drought” 50% of the
called the “Standardized Rainfall Anomaly” by Jonedime. Table 1 below shows the NDMC modifications
and Hulme (1996). Variations of standardized rainto the categories identified by Agnew in his table on
fall anomalies have been used with data sets, esge8 of thisissue. The terdny is used because thatis
cially analyzing African rainfall. It is important to More appropriate for shorttime scales, and the catego-
point out, however, that this is not the SPI! There is HeS reflect the lower percentages that should occur
difference between standardizing precipitation dat@ith dry periods, especially with the labséverand
using the equation above and the SPI, and itis easnggtremeThese categories are also the basis for the
miss this difference. In the cases of McKee et amonthly national SPI maps that are displayed on the
(1993, 1995) and Komuscu (1999), the authors briefl ational Drought Mitigation Center’s website (http:/
mention that the long-term data sets used to determiff@S0.unl.edu/watch/). Gutiman (1999) uses the same
the SPI at any time scale must first be normalizegategories. The Western Regional Climate Center
Readers of these articles may overlook this step. The
normalization procedure using a probability distribu- 2.0+ extremely wet
tion is a very important feature of the SP1 and makes 18 :g 1'33 ‘r;e(%é";z:ely et
itunique. Edwards and McKee (1997) firsthighlight  ~ 5915 o9

o oo i ) ] near normal
thisimportant distinction and give adetailed descrip-  -1.0t0-1.49 moderately dry
tion of how this is done for the SPI. People will -1.5t0-1.99 severely dry
frequently ask, “What is the equation of the SPI?”  -2andless extremely dry

Edwards and McKee (1997) illustrate that it is more:
" " . able 1. SPI values.
of a “process” to determine an SPI value.
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uses a slightly different set of categories in monthljreferences

national SPI maps displayed on their website (http:// _ . o
. wrce.sage. dr.edu/spilsp. htmi). Finally, Agnew B 1o 2ot Fo o B i e e e
suggested the classification of categories based onthgcies » climatology Rep. 97-2, Department of Atmo-
5%, 10%, and 20% occurrence probabilities, which is spheric Science, Colorado State University, Fort Collins,
also a very good system (see Agnew’s second tableColorado.

on p. 10 of this issue). Guttman, N. B. 1998. “Comparing the Palmer Drought Index

. . . . and the Standardized Precipitation Indedotirnal of the
Inhis article, Agnew brings up anotherimportant American Water Resources AssociatB#{1):113-21.

point that needs to be emphasized. Precipitatiog,iman, N. B. 1999. “Accepting the Standardized Precipita-
normals do shift at all locations depending on the tion Index: A calculation algorithmJournal of the Ameri-
period being considered “normal.” Such shiftswould can Water Resources Associati®®(2):311-22.

certainly have animpact when standardizing precipt'a\}’:r?'a':"khg -;1'2)%9'3;‘ Msg’:if’;r?na? tﬁé fégvg’ig;gﬁ? ﬁ”ﬁsﬁ- t\r/]e
tatIOIjl ‘_jata’ but they also can affect the SPI. This ISStarz/dardized Precipitation Ir?deB’ulletin of tﬁe Ame?i—
why itis hoped that the data sets of 100 years, or agan Meteorological Societg0(3):429-438.

long as possible, could be used in determining the SBbnes, P. D.; and M. Hulme. 1996. “Calculating regional
Guttman (1999) recommends at least 50 years of datalimatic time series for temperature and precipitation:
to compute SPIvalues for time periods smaller than 12Methods and illustrations fhternational Journal of Cli-

. matology 16:361-377.
months, and alonger record to compute multlyear SPKlomuscu, A. U. 1999. “Using the SPI to analyze spatial and

Values Is desired. _ o temporal patterns of drought in Turkef2fought Network
Finally, Agnew reminds everyone that indices News11(1):7-13.

based on precipitation alone do not take into accoultcKee, T.B.; N. J. Doesken; and J. Kleist. 1993. “The relation
specific drought impacts. These impacts will vary of droug.ht frequency gnd duration to time scale_s."
based on the vulnerability of the society and environ- Elri?]f:t% ?égis pc;f' t]r.17e9—E8:?1.htRmCecr)ir(]:faer:eI:]/Iceetegtr‘lolﬁgirc):lgled
ment of each particular region. The SPI and other gqciety, Boston.
indices are only tools to help decision makers undeficKee, T. B.; N. J. Doesken; and J. Kleist. 1995. “Drought
stand events that are taking place. It is good to havemonitoring with multiple time scalesProceedings of the
one or more of these tools, but the decision makerg\inth Conference on Applied Climatologyp. 233-236.
have to become familiar with how to apply these tools American Meteorological Society, Boston.
and understand their strengths and limitations in local
situations.

The articles by Komuscu (1999) and Agnew
demonstrate that the number of drought monitoring
applications using precipitationindicesis increasing.
We welcome the discussion of indices and their
applications in future issues @frought Network
Newsltis very important that this information relating
to “lessons learned” from a drought monitoring per-
spective is shared with the drought planning commu-

nity.

Michael Hayes
National Drought Mitigation Center
239 L. W. Chase Hall
University of Nebraska—Lincoln
Lincoln, Nebraska 68583—-0749
USA
e-mail: mhayes2@unl.edu
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An Introduction to the Drought Monitor

Origins diction Center (NCEP/CPC), who shared his ideas
with us on how we might come up with a classifica-
Theidea of better monitoring and assessing drougtibn system for droughts, much in the same way the
has been a quest of NDMC director Don Wilhite forujita Tornado Intensity Scale (FO—F5) categorizes
more than two decades. He has been an advocatdaamihadoes and the Saffir-Simpson Hurricane System
better climate monitoring, particularly drought moni-(Category 1-5) rates hurricane strength. Based on
toring, because droughtis a normal, recurring hazateeComte’s first draft, and with the help of others, we
in virtually all of the United States. The challenge isvorked on a classification scheme criteria, and as a
to recognize drought, a slow-onset or “creepingtesult the Drought Monitor was created.
natural disaster, before a region is in the middle of In spring 1999, Don Wilhite and | met with
one. scientists at the U.S. Department of Agriculture’s
The mostrecent surge ininterestin drought aroskint Agricultural Weather Facility (USDA/JAWF)
during the 1995-96 drought in the Southwest andnd the National Oceanic and Atmospheric
southern Great Plains states. At the NDMC weé\dministration’s Climate Prediction Center (NOAA/
discussed how we could do a better job of trackin@PC) to discuss working together to address the issue
and assessing the severity of droughts. One questioftracking drought. How could we better collaborate
we often hear is “How does this drought compare, aand implement an integrated drought monitoring
rank, to other droughts or the drought of record fosystem? The signing of the National Drought Policy
this region or state?” Or “Just how strong or severe i&ct in the summer of 1998 and the subsequent
this drought?” These are complicated questions tormation of the National Drought Policy Commis-
tackle. We have to take into account spatial extensjon (NDPC) and its working groups in 1999 no
intensity, duration, and impacts on people and the@oubt helped speed up the process and fueled interest
affected environment. That discussion is for anothen such an effort. Monitoring and Prediction was one
time. of the NDPC working groups. Many of the key
For purposes of understanding vulnerability oplayersinthe climate monitoring realm were exposed
risk, another question we have tried to address te the Drought Monitor conceptand initial prototypes
“What is the degree of usualness or unusualness thfrough this working group. We introduced the
various droughts now and in the past?” How fredrought classification system to them and welcomed
guently or rarely do we see a drought of this magnihe many suggestions that followed in this informal
tude, and does it occur often enough that we shoupgker review process.
plan for it rather than simply acknowledge itwhenit  As a result of the meetings in spring 1999, an
occurs? In short, can we define the difference begreementwas reached betweenthe NDMC, USDA,
tween perception and reality? Our hope is that thend NOAA to produce and maintain a drought moni-
Drought Monitor and future research will begin to lettoring product that would incorporate climatic data
us find some of the answers to these questions. and professional input from all levels. Requests for
Until recently, there were no comprehensive namnput were initially sent out to National Weather
tionwide efforts to consolidate or centralize droughService field offices. This was followed up by con-
monitoring activities being conducted by or betweemacting NOAA'’s six regional climate centers (RCCs).
various federal, state, or regional entities. In th&/e have invited state climatologists to comment on
summer of 1998, | began to correspond with Dougnd review the weekly product (both map and narra-
LeComte, senior meteorologist with the Nationative). Ourintentwasto create a general assessment of
Centers for Environmental Prediction/Climate Predrought conditionsinthe United States using the most
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relevantand current datathat each entity involved hatifferent scientific drought indices. It is by far the
to offer. The selected data were then put into amost user-friendly national drought monitoring prod-
experimental product using a new drought classificaict, and it is particularly well suited for use by
tion system approach. The firstexperimental droughhainstream media because it represents state-of-the-
map was put out for internal review and comment iart scientific expertise and is packaged as a timely,
May 1999. An e-mail exploder group was set up andolorful, unambiguous map. Currently, the World
is maintained atthe NDMC. This allows all reviewersdNide Web is the main means of distributing the
and authors of the product to discuss and share th&rought Monitor. NOAA also distributes the map
relevant expertise, viewpoints, and concerns. through their internal channels. The obvious advan-
The experimental tag was short-lived. Thetagesto usingthe web are thatthere are no distribution
Drought Monitor quickly evolved into a more perma-costs and the information is instantly available and
nent product as a result of the efficient partnershipsways current. The obvious disadvantage is that not
between USDA, NOAA, NDMC, RCCs, and a feweveryone has access to the web. Our focus to this
state climatologists. No doubt the drought in thgoint has beenhow to bestdisseminate the productin
Northeast in summer 1999 provided an extra incerthe most timely manner.
tive for the map. The Drought Monitor was officially ~ No single definition of drought works in all
launched at a joint White House press conferengg@rcumstances, so water planners rely on indices or
between the Department of Commerce (NOAA) andatain various forms, and most often depicted in map
USDA in August 1999. The Drought Monitor hador graphic form, to recognize droughts. The authors
gone from an experimental bi-weekly map to a full-of the Drought Monitor also rely on the input of
fledged operational productin afew months. Withtheeveral key indices and ancillary indicators from
support of USDA'’s chief meteorologist, the Nationaldifferent agencies to create the final map, which is
Drought Mitigation Center at the University of Ne-posted each Thursday. The seven key parameters
braska—Lincoln agreed to set up and maintain thmaking up the current scheme are the Palmer Drought
home page for the Drought Monitor (http://Index, Crop Moisture Index, CPC Soil Moisture
enso.unl.edu/monitor/monitor.html). Model (percentiles), USGS Daily Streamflow (per-
Sinceits unveiling, the Drought Monitor has beercentiles), Percent of Normal Precipitation, USDA/
well received by people from a wide variety ofNASS Topsoil Moisture (percent short and very
backgrounds and trades. The media has been espkeort), and a remotely sensed Satellite Vegetation
cially quick to pick up on and use the new product tdéiealth Index. The final color map summarizes all of
inform their readers and listeners. Producers, conthis information in an easy-to-read format that shows
modity brokers, congressional delegations, and feavhere droughtis emerging, lingering, and subsiding.
eral/state agencies also are using this product. They
seem to like the simplicity and ease of use of the
product (see Figure 1), rather than having to lear@lassification: DO-D4
about another new index.
The idea is to classify droughts on a scale from
zero to four (D0-D4), with zero indicating an abnor-
The Concept mally dry area and four reflecting a region experienc-
ing an exceptional drought event (likened to a drought
The Drought Monitor consists of a color map,of record). The droughtintensity categories are based
showing which parts of the United States are suffeen six key indicators and many supplementary indi-
ing from various degrees of drought, and accompangators. The Drought Monitor summary map and
ing text. The text describes the drought’s currentarrative identify general drought areas, labeling
impacts, future threats, and prospects for improvedroughts by intensity from least to most intense. DO
ment. The Drought Monitor is a synthesis of severareas (abnormally dry) are either drying out and
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Figure 1. The Drought Monitor (http://enso.unl.edu/monitor/monitor.html).
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possibly heading into drought or recovering fromdrought. Efforts are underway to better forecast, with
drought but still experiencing lingering impacts (orhigher confidence, further into the future.
not yet back to normal or wet conditions). Currently, seasonal forecasts issued by the CPC
are taken into account, but they are not used in
determining intensity trends. We do know that some
Categories: A, W, and F strong relationships exist between dryness or drought
in certain parts of the United States, depending on the
The Drought Monitor also shows which sectorsseason and whether or not we are in an El Nifio or La
are presently seeing the majority of impacts due tNifia phase. The relationship isn’t nearly as strong,
drought, using labels &, W, orF. An Arepresents however, inthe continental grain-producing regions
impacts on agriculture (crops, livestock, range othat make up our corn and wheat belts. The problem
pasture). Wateiy)), or hydrological, impacts show is addressing the non-phase year, especially in the
thatthe regionis experiencing animpact on some patimmer. In fact, the summer months are the toughest
of the water supply system. In determining whether tto predict, regardless of whether an ENSO event is
use this label, we look at how droughts affectaking place. Today’s models are much better than
streamflow, snowpack, groundwater, and reservoirgver before, and they will continue to improve as
An F is used when abnormally high risks of firecomputing power increases and we better identify
danger are observed. and understand the complex relationships that exist
between our oceans, continents, and atmosphere.

Forecasts
Classification Parameters

We use the two week forecasts (5 day and 6-10
day) to determine if the drought is intensifying or ~ Table lillustrates the drought severity classifica-
dying out. Intensifying droughtis indicated by a plugion system that exists now. The system was intended
(+) sign after the drought classification; decreasingp be flexible, allowing it to continually evolve by
drought is indicated by a minus (-) sign after theesponding to and incorporating the latest technolo-
drought classification. gies and data available in the monitoring world.

An Example The Future

An area shaded and labeled as D2 + (A) is in  The CPC has been experimenting with blending
general experiencing severe drought conditions thap to three inputs to produce a weighted objective
are affecting the agricultural sector but at present adrought index, but this is continually going through
not affecting water supplies. The areais not seeingaaljustments and is only one part of the equation we
heightened fire risk in association with this drynesdook at when making the Drought Monitor. We
In addition, the drought looks like it will intensify in expect to see CPC and others improve the accuracy
the next two weeks, according to the forecasts. and confidence of forecasts at all time scales. This

Droughts are generally slow in developing angrocess and product are still evolving as both moni-
can be slow in receding, but there are cases (like thering and forecasts improve. For example, we also
hurricanes in the Northeast this past summer) ihope to integrate USDA and other soil moisture
which a drought-breaking type of event can speed ugetwork data into the Drought Monitor in the near
the recovery process. Even after the physical eventfisture. Interestingly, itis the availability and input of
over, impacts may linger for months or years, dependhese parameters (i.e., soil moisture) thatin turn serve
ing on the timing, duration, and intensity of theas inputs into better models at better resolutions. We
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Category Description Impacts Palmer CPC Sail Daily Percent of USDA/  Satellite
Drought Moisture Streamflow Normal NASS Vegetation
Index or Model (Percentiles) Precipitation Topsoil Health
Crop (Percentiles) Moisture  Index
Moisture (% short &
Index very short)
DO Abnormally Short-term dryness slowing -6--1.9 21-30 21-30 <50% 30 days 25-50% 36-45
Dry planting, growth of crops or
pastures; fire risk above
average; or recent drought
relief, some lingering water
deficits; pastures not fully
recovered
D1 Drought Some damage to crops, -20--29 11-20 11-20 50-60% 2-3 51-65% 26-35
pastures; fire risk high; streams, months
reservoirs, or wells low, some
water shortages developing or
imminent; or voluntary water-
use restrictions in some locations
D2 Severe Moderate crop or pasture losses -3.0--3.9 6-10 6-10 40-50% 3—-4 66—-80% 16-25
Drought likely; fire risk very high; water months
shortages common; or water
restrictions imposed in many areas
D3 Extreme Major crop/pasture losses; -4.0--5.0 2-5 2-5 30-40% 4-581-90% 6-15
Drought extreme fire danger; widespread months
water shortages or water
restrictions
D4 Exceptional Exceptional and widespread -5.0 or less 0-1 0-1 <40% 6 >90% 1-5
Drought crop/pasture losses; exceptional months

fire risk; shortages of water in
reservoirs, streams, wells
creating water emergencies




would like toinclude seasonal (long-lead) forecastsin - We hope we have found a way to better picture

the Drought Monitor to give people as much informathis “freeze-frame” disaster and relay the information

tion as possible (and as soon as possible) to usetousers. Ultimately, itis the users who determine how

decision making. to use the information; it is our job to provide them
Although the maps are based on many inputs, theith the best available data and product in a timely

final maps are tweaked to reflect real-world condifashion.

tions as reported by numerous experts throughout the

country. States or water suppliers may be looking at Mark Svoboda
our indicators while also using many other local data National Drought Mitigation Center
resources and tailored drought triggers. Our intent is 107 L. W. Chase Hall
notto replace any local or state information or subse- University of Nebraska—Lincoln
guently declared drought emergencies or warnings. Lincoln, Nebraska 68583—-0749
Instead, we are providing ageneral assessment of the USA
current state of drought around the United States, e-mail: msvoboda2@unl.edu

Pacific possessions, and Puerto Rico.
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Announcements

New Books

Droughts: A Global Assessment

Droughts: A Global Assessmédras been published in two volumes by Routledge as part of a
series of definitive works on major hazards and disasters. The seriesis being published to mark the end
of the International Decade for Natural Disaster Reduction.

Donald Wilhite of the National Drought Mitigation Center is the edit@rolughts More than
75leading international researchersin the field contributed to the volume. Through an extensive range
of case studies covering the most drought-prone and most drought-affected countries, the contributors
examine new technology, planning methodologies, and mitigation actions from recent drought
experiences worldwide.

Following adiscussion of the critical concepts of drought, the book is divided into seven additional
parts that address causes and predictability; monitoring and early warning techniques; impacts and
assessment methodologies; adjustment and adaptation strategies; policy, mitigation techniques, and
preparedness methodologies; links between drought and other global issues; and conclusions and
future challenges. With its emphasis on both the physical and social dimensions of drought and
proposed management actions and policies, this volume will be helpful to those seeking a greater
understanding of this complex natural hazard.

The cost of the two-volume set is US$275/UK£E225. The ISBN (International Standard Book
Number) oDroughtss 0-415-16833-3. In North America, copies may be ordered from Routledge
at 1 (800) 634—-7064. Routledge’s United Kingdom customer hotline is 01264 342939 (+44 1264
342939), or fax: 01264 343005 (+44 1264 343005). Their website is www.routledge.com.

Proceedings of the National Workshop on Dynamic Crop Simulation Modeling for
Agrometeorological Advisory Services

The Proceedings of the National Workshop on Dynamic Crop Simulation Modeling for
Agrometeorological Advisory Servichas been published. The workshop was conducted at the
National Centre for Medium Range Weather Forecasting (NCMRWF), Department of Science and
Technology, New Delhi, in January 1999. The volume includes papers presented at the workshop on
various themes of crop modeling and the recommendations that evolved from the deliberations of the
workshop. S.V. Singh, L. S. Rathore, S. A. Saseendran, and K. K. Singh are the editors; the volume
is published by the NCMRWF-. For further information and copies of the publication, please contact
Dr. S. A. Saseendran, Scientist, NCMRWF, DST, Mausam Bhavan, Lodi Road, New Delhi-3, India;
e-mail: saseendransa@hotmail.com.
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Conferences

Central and Eastern European Workshop on Drought Mitigation

The Central and Eastern European Workshop on Drought Mitigation will be held April 12—-15, 2000, in
Budapest, Hungary. The workshop is being presented by the Ministry of Agriculture and Rural Development;
Ministry of Environmental Protection; and Ministry of Transport, Communication and Water Management of
the Hungarian Republic.

The workshop will provide a forum for discussing various aspects of drought monitoring, strategies, impact
assessment, and mitigation, with special regard to the central and eastern European (CEE) region. Topics wil
include the status of national drought mitigation strategies in the CEE countries and impacts of drought on
different areas of the economy. For more information, contact the Budapest Station for Plant Health and Soill
Conservation, Department of Informatics, Budaérsi Ut 141-145, H-1118 Budapest, Hungary; telephone: (36—
1) 309-1000; fax: +36—1-246-2942.

11th Global Warming International Conference and Expo

The 11th Global Warming International Conference and Expo will be held April 25-28, 2000, in Boston,
Massachusetts. The objective of the conference is to provide a comprehensive international and interdiscipli-
nary review forum for resource and technology managers on global warming, its impacts on all economic
sectors, its effective mitigation, and each nation’s compliance with the Kyoto Protocol to reduce greenhouse
gas emissions. Topics include Global Warming and Climate Change; Global Surveillance: Climate Future;
Education: Global Change; Human Health in a Changing Climate; Energy and Natural Resource Manage-
ment; International Law and Policy Making; and State and Local Government Actions. For more information,
contactthe Global Warming International Center, P.O. Box 5275, Woodridge, Illinois 60517-0275, USA, fax:
+1630-910-1561; website: http://GlobalWarming.net.

New Products

GLOBE Data Set

The NOAA National Geophysical Data Center (NGDC) has released the Global Land One-kilometer
Base Elevation (GLOBE) digital elevation data set. GLOBE is an international effort to create a global digital
elevation model on a nominal 1-kilometer grid. Source data for GLOBE include satellite imagery, aerial
photography, satellite altimetry, cadastral survey data, and hardcopy topographic maps converted to digital
format. There are two versions of GLOBE: an unrestricted version with full global coverage and no copyright
or security restrictions on its distribution, and a version with high-quality data that honors copyright. GLOBE
data can be obtained via the web and as a CD collection. GLOBE data, documentation, and visualizations are
available at no charge at http://www.ngdc.noaa.gov/seg/topo/globe.shtml. The CD-ROM collection (four
CDs), with documentation, is available from NOAA/NNDC/National Geophysical Data Center. For more
information, contact the National Environmental Satellite, Data, and Information Service, NOAA National
Data Centers, National Geophysical Data Center, 325 Broadway, Boulder, Colorado 80303, USA,; telephone:
(303) 497-6277; e-mail: seginfo@ngdc.noaa.gov; website: http://www. ngdc.noaa.gov/store/.
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